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Fig. 3 
for (int i = 0; is N; it--) 
tmp = mem) + c, 
if(count = 10){ 
dati) = timp; 

if(tmp > 0){ 
Count----, 
} 

for(int i= 0; ig N/2;i++) 
out) = dat) + datN-; 
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Fig. 5 
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Fig. 7 
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for(int i = 0; is N-1; it +){ 
dati = mem....; 

11 FIXED READ OPTION 
for(int i= 0; ig N/2;i++){ 
out) = dati) + dat(N-); 
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Fig. 9 
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Fig. 10 
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1. 

CIRCUIT DESIGN SUPPORT DEVICE, 
CIRCUIT DESIGN SUPPORT METHOD AND 

PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and claims the benefit of 
priority from Japanese Patent Application No. 2012-108308, 
filed in Japan on May 10, 2012, the content of which is 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The present invention relates to a circuit design Support 
device which Supports circuit design. 
More specifically, the present invention relates to a circuit 

design Support device which Supports semiconductor design 
employing high level synthesis (behavior synthesis) which 
automatically generates register transfer level from behavior 
description code (also called simply as "behavior descrip 
tion’, hereinafter). 

BACKGROUND ART 

In a conventional semiconductor integrated circuit design, 
the register transfer level (RTL) which describes behaviors of 
registers and combined circuits between registers included in 
a circuit is designed using hardware description language. 
The circuit scale of the integrated circuit has been 

increased in recent years, which takes large amount of time to 
design RTL, resulting in a problem. 

Then, a high level synthesis technique which generates 
automatically RTL using Clanguage, C++ language, System 
C language, and so on that are high level language of which 
the level of abstraction is higher than RTL are proposed, and 
a high level synthesis tool implementing the same is commer 
cially available. 

Patent Literature 1 discloses that, as a pre-processing of 
input to the high level synthesis tool, in order to eliminate 
redundant memories, array description part which may cause 
generation of redundant memories is detected, and the array is 
automatically deleted, thereby obtaining an integrated circuit 
with a small circuit scale. 

CITATION LIST 

Patent Literature 

Patent Literature 1: JP 2010-238054A 

SUMMARY OF INVENTION 

Technical Problem 

However, according to Patent Literature 1, only an array in 
which an index is expressed by only a loop variable is to be 
deleted, and thus there still exists a problem that the undeleted 
array requires memories for elements of the array. 
Main object of the present invention is to solve the above 

problem; the invention aims to effectively eliminate redun 
dant buffers. 

Solution to Problem 

According to the present invention, circuit design Support 
device includes: a code inputting unit that inputs a behavior 
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2 
description code which describe behavior of a circuit which is 
a target of high level synthesis using a write access array to be 
accessed to write and a read access array to be accessed to 
read; an access order determining unit that analyzes the 
behavior description code, and determines an order of using 
each write access address when the behavior description code 
is executed and an order of using each read access address 
when the behavior description code is executed; and an access 
order changing unit that performs either one of a write access 
order changing process to change the order of using the write 
access addresses when the behavior description code is 
executed based on the order of using the read access addresses 
determined by the access order determining unit and a read 
access order changing process to change the order of using the 
read access addresses when the behavior description code is 
executed based on the order of using the write access 
addresses determined by the access order determining unit. 

Advantageous Effects of Invention 

According to the present invention, an order of using write 
access addresses oran order of using read access addresses is 
changed, and the order of write accesses can be matched with 
the order of read accesses, thereby reducing the buffer. 

BRIEF DESCRIPTION OF DRAWINGS 

The present invention will become fully understood from 
the detailed description given hereinafter in conjunction with 
the accompanying drawings, in which: 

FIG. 1 shows a configuration example of a semiconductor 
design support device related to the first embodiment; 

FIG. 2 is a flowchart showing an operation example of a 
processing part related to the first embodiment; 

FIG. 3 shows an example of code written in a high level 
language related to the first embodiment; 

FIG. 4 shows an example of a loop table related to the first 
embodiment; 

FIG.5 shows an example of an array table related to the first 
embodiment; 

FIG. 6 shows an example of a loop table (after determining 
dependency) related to the first embodiment; 

FIG. 7 shows an example of an access delay table related to 
the first embodiment; 

FIG. 8 shows another example of code written in a high 
level language related to the first embodiment; 

FIG. 9 shows an example of an access delay table (write 
dependency: absent, read-dependency: present) related to the 
first embodiment; 

FIG. 10 shows an example of an access delay table (write 
dependency: present, read-dependency: absent) related to the 
first embodiment; 

FIG. 11 shows an example of a block diagram and perfor 
mance when a method of the first embodiment is not applied: 

FIG. 12 shows an example of a block diagram and perfor 
mance when the method of the first embodiment is applied 
(write-dependency: absent, read-dependency: present); 

FIG. 13 shows an example of a block diagram and perfor 
mance when the method of the first embodiment is applied 
(write-dependency: present, read-dependency: absent); and 
FIG.14 shows an example ofhardware configuration of the 

semiconductor design Support device related to the first 
embodiment. 

DESCRIPTION OF EMBODIMENTS 

In describing preferred embodiments illustrated in the 
drawings, specific terminology is employed for the sake of 
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clarity. However, the disclosure of the present invention is not 
intended to be limited to the specific terminology so selected, 
and it is to be understood that each specific element includes 
all technical equivalents that operate in a similar manner and 
achieve a similar result. 

Embodiment 1 

The present embodiment explains a semiconductor design 
support device which obtains a code which is capable to 
reduce the number of memories or registers located between 
circuits and to output an operation result with low latency. 
More specifically, the semiconductor design Support 

device extracts a dependency between operations and 
changes an order of operations. 

Then, according to the semiconductor design Support 
device related to the present embodiment, it is possible to 
obtain a hardware configuration (architecture) with high per 
formance and Small-circuit scale in a short time, indepen 
dently from a capability of a designer. 

FIG. 1 is a block diagram showing a configuration of a high 
level synthesis system employing a semiconductor design 
Support device according to the first embodiment. 

In FIG. 1, a semiconductor design support device 1 
includes a processing part 3, a table storage part 4, and a file 
storage part 5. 
The semiconductor design Support device 1 corresponds to 

a circuit design Support device. 
A high level synthesis device 2 receives a behavior descrip 

tion code and generates RTL. 
The semiconductor design Support device 1 provides the 

behavior description code on which high level synthesis can 
be done to the high level synthesizing device 2, thereby 
obtaining targeted RTL. 
A processing part 3 inputs the behavior description code 

written in the high level language which is a target of high 
level synthesis, detects access dependency of array, and 
changes an order of access to the arrays so that the device 
should be with low delay and a small circuit scale. 
The processing part 3 corresponds to a code inputting unit, 

an access order determining unit, and an access order chang 
ing unit. 
A table storage part 4 stores tables showing processed 

result of the processing part 3 and tables to which the pro 
cessing part 3 refers. 
A file storage part 5 stores the behavior description code 

inputted by the processing part 3. 
Further, the file storage part 5 may also store the behavior 

description code after the processing part 3 changes the 
behavior description code. 

Next, operation of the first embodiment will be explained. 
FIG. 2 is a flowchart showing a flow of operation of the 

semiconductor design Support device 1 according to the first 
embodiment. 
The function of the flowchart is implemented by the pro 

cessing part 3, and data are exchanged between the table 
storage part 4 and the file storage part 5 when necessary. 

Behavior description code that is shown in FIG. 3 as an 
example will be used for explaining the operation. 

Here, the code shown in FIG. 3, which is incomplete as 
behavior description code, is a part of the behavior descrip 
tion code extracted for explaining the operation related to the 
present embodiment. 
When the description is inputted directly to the high level 

synthesizing device 2, N buffers (memories or registers) are 
required between the first loop and the next loop for storing N 
pieces of data. 
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4 
There is a problem that it takes time to output the result 

out', since the processing cannot be moved from the first 
loop to the next loop unless the processing on the first loop has 
been finished. 

First, when the semiconductor design Support device 1 
starts the operation, the processing part 3 receives a file of the 
behavior description which is a target of high level synthesis, 
the behavior description is the code shown in FIG. 3 in the 
current example (at step ST1: RECEIVE CODE) and stores 
the file in the file storage part 5. 

Next, the processing part 3 reads out the code stored in the 
file storage part 5 (FIG. 3) and extracts “for” sentence (at step 
ST2: EXTRACT for SENTENCE). 

This extraction is made by writing a loop ID (Identifier) 
and its description part (the number of lines) for each “for” 
sentence in the table storage part 4 as shown in FIG. 4. 
The table of FIG. 4 is referred to as a loop table. 
Next, the processing part 3 analyzes the behavior descrip 

tion code (FIG.3) based on the loop table (FIG. 4), extracts a 
name of array, an array ID, an accessing method, the number 
of accesses, the total number of accesses in the loop for each 
loop ID, and writes them in the table storage part 4 (at step 
ST3: EXTRACT ARRAY ACCESS RELATION). 

Here the table in which the above data are written is 
referred to as an array table. 
The name of array is an array variable name described in 

the code. 
As the accessing method, “write' is set if the correspond 

ing array is in the left-hand side in the statement, and “read” 
is set if the corresponding array is in the right-hand side. 
The number of accesses shows how many times the corre 

sponding array has been accessed. 
The number of accesses is the number of accesses for each 

of repeated times. 
In case of the code in FIG. 3, since two times of read 

accesses occur to “dat' variable (dati and datN-1), the 
number of accesses here is 2. 
The total number of accesses shows how many times the 

corresponding array has been accessed during “for” loop. 
FIG. 5 shows the result of extracting the array access rela 

tion from the code in FIG. 3. 
Here, the array of the write access is also called as a write 

access array; the array of the read access as a read access 
array. 

In FIG. 5, “dat' in the second line and “out in the fourth 
line show the write access arrays, and “mem” in the first line 
and “dat' in the third line show the read access arrays. 

Further, an element of array in the write access array is also 
called as a write access address, and an element of array in the 
read access array is also called as a read access address. 
The write access address shows an address to be accessed 

by each write access, and the read access address shows an 
address to be accessed by each read access. 

In the code in FIG. 3, the value of eachi in dati of the first 
“for” sentence is the write access address. 

Similarly, the value of each i in dati of the second “for” 
sentence is the read access address. 

Next, it is checked if a preceding iteration affects the next 
iteration in repetition sentence (“for” sentence), for each loop 
ID in the loop tables generated at step ST1 (at step ST4: 
DETERMINE DEPENDENCY). 

Specifically, after an arbitrary variable in the repetition 
sentence is referred, if assignment is done in the variable, 
dependency is determined to be present, and if not, absent. 
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In case of the code in FIG.3, in the first “for” sentence, after 
the variable “count” is referred (count=10), assignment 
(count----) is done, and thus dependency is present in the first 
“for” sentence. 
On the other hand, in the second “for” sentence, there is no 

variable like this, and thus dependency is absent in the second 
“for” sentence. 

Here, if an order of using the write access addresses or the 
read access addresses included in the “for” sentence having 
dependency is changed, an operation of a circuit which is a 
target of high level synthesis may change. 

Therefore, the order of using the write access addresses or 
the read access addresses included in the “for” sentence hav 
ing dependency cannot be changed. 
On the other hand, if an order of using the write access 

addresses or the read access addresses included in the “for” 
sentence without dependency is changed, the operation of the 
circuit which is the target of high level synthesis does not 
change. 

Therefore, the order of using the write access addresses or 
the read access addresses included in the “for” sentence with 
out dependency can be changed. 
The presence or the absence of dependency that is 

extracted at the step ST4 is added to a loop table in the table 
storage part 4. 

FIG. 6 shows the loop table after the presence or the 
absence of dependency is added. 

Here, in the behavior description code, there is a case in 
which an order of execution is desired to be decided before 
hand as processing. 

For example, image data may be inputted in an order of 
coordinates. 

Therefore, information showing that an order of processing 
is unchangeable may be added to the behavior description 
code, or as an option, the processing part 3 may analyze it and 
may generate dependency information. 

FIG. 8 shows an example of the behavior description code 
in which an order of read cannot be changed. 

Here, the behavior description code in FIG.8 will be dis 
cussed later. 

Next, the processing part 3 refers to the array table (FIG.5), 
carries out address (index) calculation to access the same 
array ID, and generates an access delay table. The access 
delay table generated is stored in the table storage part 4 (at 
step ST5: CALCULATEACCESS DELAY). 
More specifically, the processing part 3 extracts the write 

access array and the read access array having a common 
name, makes pairs of the write access array and the read 
access array having the common name, for each pair of the 
write access array and the read access array, an order of using 
the write access address at the time of executing the behavior 
description code and an order of using the read access address 
at the time of executing the behavior description code are 
determined. 

In the example of FIG. 5, the write access array and the read 
access array having the common name of 'dat are paired, an 
order of using the write access address of “dat” (W: the 2" 
line) and an order ofusing the read access address of “dat' (R: 
the 3" line) are determined. 

FIG. 7 shows an access delay table obtained by analyzing 
the code of FIG. 3. 

In the access delay table, a cycle number, a write access 
address, a read access address, an access delay, and an access 
cost are written. 
The cycle number is time information; the cycle number is 

described by incrementing a cycle such as the 1 cycle, the 
2" cycle, and so on. 
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6 
The upper limit is the number of total accesses to the loop. 
The write access address is an index of the array for write 

access obtained by developing the loop. 
The numerals shown in the columns of the write access 

address respectively represent write access addresses; an 
order of using the write access addresses when the behavior 
description code is executed is written in the columns of the 
write access address. 
The read access address is provided for each array to be 

accessed by the read access. 
In case of the code example in FIG. 3, two read access 

(dati and datN-il) occur, and two columns of read access 
address are set. 
The read access address is an index of the array for read 

access obtained by developing the loop. 
The numerals shown in the columns of the read access 

address respectively show read access addresses; an order of 
using the read access addresses when the behavior description 
code is executed is written in the columns of the read access 
address. 

Here, as for read limitation, when it is possible to read two 
pieces of data at one cycle, such limitation can be given to the 
processing part 3 as additional information. 
The access delay shows relation between the cycle number 

of the write access address and the cycle number of read 
access address which have the common address values. 

For example, the write access address 6 occurs in the cycle 
7, and on the other hand, the corresponding read access 
address 6 occurs in the cycle 13. 
The access delay of the read access address 6 is “7”, which 

is the cycle number of the corresponding write access address 
6. 

Further, for example, the read access address 15 occurs in 
the cycle 2, and on the other hand, the corresponding write 
access address 15 occurs in the cycle 16. 
The access delay of the read access address 15 becomes 

“16' which is the cycle number of the corresponding write 
access address 15. 
As for the access cost, if there are a plurality of reads, the 

value of the largest access delay is set to the access cost. 
In the code of FIG. 3, in the 16" cycle, both values of the 

read access address 0 and the read access address 15 are 
available, and it is possible to execute out 0-datO+dat 15 
0 in the loop ID 2. 

Since the read access address 1 and the read access address 
14 occur after the read access address 15, in the 17" cycle, 
out 1-dat1+dat 15-1 in the loop ID 2 can be executed for 
the read access address 1 and the read access address 14. 
The read access address 2 and the read access address 13 

occur further after one cycle, so that in the 18" cycle, out|2|= 
dat2+dat 15-2 in the loop ID 2 can be executed for the read 
access address 2 and the read access address 13. 

In this manner, in the columns of the access cost of FIG. 7, 
the cycle number in which outi-dati-dat 15-i in the loop 
ID 2 can be executed is written in parentheses for each of i=0. 
1, 2,3 . . . . 
As shown in FIG. 7, 23 cycles are required for finishing the 

processing of the loop ID 2 of FIG. 3. 
For example, as for the read access address 1 and the read 

access address 14, when the cycle number is 2, the write of the 
write access address 1 is done, and when the cycle number is 
15, the write of the write access address 14 is done. 
On the other hand, the processing of out 1-dat1+dat 

15-1 in the loop ID 2 is executed in the 17" cycle, so that the 
value of the write access address 1 should be retained in the 
buffer from the cycle number 2 to the cycle number 17, and 
the value of the write access address 14 should be retained in 
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the buffer from the cycle number 15 to the cycle number 17 in 
order to absorb the timing difference between the write timing 
and the read timing. 

Similarly, the value of the write access address 2 should be 
retained in the buffer from the cycle number 3 to the cycle 5 
number 18, and the value of the write access address 13 
should be retained in the buffer from the cycle number 14 to 
the cycle number 18. 

The same can be said for other address values, 16 buffers in 
total are required for retaining the written values for the read 10 
access address 0 to 15. 

In this manner, when the code of FIG. 3 is executed, since 
the order of the write access and the order of the read access 
are not matched, it is necessary to generate 16 buffers in the 
high level synthesis. 15 

In the semiconductor design Support device 1 according to 
the present embodiment, such mismatch of the order of using 
the write access and the order of using the read access can be 
Suppressed. 

Next, the processing part 3 changes the order of the write 20 
access ortheread access (at step ST6: CHANGEORDER OF 
ACCESS). 
More specifically, the processing part 3 refers to the loop 

table (FIG. 6) and the array table (FIG. 5), and determines 
which of the following four cases the behavior description 25 
code corresponds to: 

Access Case 1: “write dependency: present” and “read 
dependency: present 

Access Case 2: “write dependency: absent and “read 
dependency: present 30 

Access Case 3: “write dependency: absent and “read 
dependency: absent” 

Access Case 4: “write dependency: present” and “read 
dependency: absent’ 

Here, “write dependency: present means if the order of 35 
using the write access addresses is changed, an operation of a 
circuit which is a target of high level synthesis changes, so 
that the order of using the write access addresses cannot be 
changed. 
On the other hand, “write dependency: absent’ means even 40 

if the order of using the write access addresses is changed, the 
operation of the circuit which is the target of high level syn 
thesis does not change, so that the order of using the write 
access addresses can be changed. 

Further, “read dependency: present’ means if the order of 45 
using the read access addresses is changed, the operation of 
the circuit which is the target of high level synthesis changes, 
so that the order of using the read access addresses cannot be 
changed. 
On the other hand, “read dependency: absent means even 50 

if the order of using the read access addresses is changed, the 
operation of the circuit which is the target of high level syn 
thesis does not change, so that the order of using the read 
access addresses can be changed. 

In case of Access Case 1, since the orders of the write 55 
access and the read access should be fixed, the performance 
cannot be improved by the present embodiment, and the 
process terminates here. 

In case of Access Case 2, since the order of the write access 
can be changed, the order of the write access can be changed 60 
according to the order of the read access. 

Here, the processing to change the order of the write access 
to conform to the order of the read access is called as a write 
access order changing process. 

In case of Access Case 3, since both have no dependency, 65 
one of the order of the write access and the read access is 
fixed, and the other is changed. 

8 
To determine which of the orders of the write access and 

the read access to be fixed, whichever the access cost is 
Smaller can be chosen. 

In case of Access Case 4, since the order of the read access 
is changeable, the order of the read access can be changed 
according to the order of the write access. 

Here, the processing to change the order of the read access 
to conform to the order of the write access is called as a read 
access order changing process. 

Here, Access Case 2 will be explained. 
FIG. 8 shows an example of code without write depen 

dency and with read dependency. 
The write access array dati of the first loop of FIG. 8 has 

no dependency. 
On the other hand, a read fixed option is given to the second 

loop. 
This is an option to be given when the loop sentence itself 

has no dependency, but a design requires to execute the pro 
cessing in an order as shown in the code such as 0, 1, 2,3 ... 
for “out array. 
The processing part 3 analyzes this option, and it is deter 

mined at the dependency determination, the dependency 
exists in the corresponding loop ID (“read dependency” is 
present in the second loop). 
As discussed above, since there is no dependency in the 

write side (the first loop), the write access can be started from 
any i of “for” sentence. 

Namely, the write access is implemented in the order 
requested by dat (read access array) of the read side (the 
second loop), and the result of the write access is transferred 
to dat of the read side, thereby improving the processing 
speed. 

In this manner, in case of Access Case 2, the processing part 
3 writes the changed write access addresses in the access 
delay table so as to implement the write in the order of read 
aCCCSSCS. 

FIG. 9 shows a delay table to which the changed write 
access address and the updated access cost are added inaccor 
dance with the code of FIG. 8. 

Here, the contents of the second loop of the code of FIG. 8 
is the same as the one of the second loop of FIG.3, and in case 
of the code of FIG. 8, the access delay table before changing 
the order of write access (the access delay table after calcu 
lating access delay at ST5 of FIG. 2) is the same as the one 
shown in FIG. 7. 

In the access delay table of FIG.9, the order of write access 
addresses is changed so as to match the order of read access 
addresses (the write access order changing process). 

Here, since the delay cost is 0, no buffer is necessary 
between the first loop and the second loop of FIG. 8, and the 
result of the first loop can be received directly by the second 
loop. 
When the order of write accesses is changed as shown in 

FIG.9, the read from the read access address i occurs directly 
after the write to the write access address i, and thus the 
processing is finished by 16 cycles. 

Further, as discussed above, since there is no timing differ 
ence between the write access and the read access, no buffer 
is necessary. 
When the method of the present embodiment is not 

applied, if high level synthesis of the code of FIG. 8 is done to 
generate RTL, the generated RTL corresponds to a block 
diagram and performance shown in FIG. 11. 
N buffers are necessary, and the processing of the second 

loop (B1 in FIG. 11) is started after finishing the processing of 
the first loop (A1 in FIG. 11). 
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When the method of the present embodiment is applied to 
change the order of write accesses, and the high level synthe 
sis of the code of FIG. 8 is done to generate RTL, the gener 
ated RTL corresponds to a block diagram and performance 
shown in FIG. 12. 

According to the present embodiment, an intermediate 
buffer is unnecessary as shown in FIG. 12, the processing of 
the second loop (B1 in FIG.12) can be started without waiting 
for the processing of the first loop (A1 in FIG. 12) to end, and 
thus high-speed processing can be done. 

Access Case 3: As for “write dependency: absent and 
“read dependency: absent, a processing with write depen 
dency and without read dependency (Access Case 4) and a 
processing without write dependency and with read depen 
dency (Access Case 2) are both carried out and either one with 
less access cost can be chosen between these two processings 
after processing these two cases. 

Access Case 4: As for “write dependency: present and 
“read dependency: absent, the order of read accesses is 
changed so as to reduce the access cost. 
The example of code of FIG.3 corresponds to Access Case 

4. 
FIG. 10 is a delay table showing changed order of accesses 

in case of the code of FIG. 3. 
When the code in FIG. 3 is executed, the processing part3. 

for example, changes the order of read access addresses 
according to the following algorithm. 

First, the processing part 3 groups two read access 
addresses which are used with synchronization when the code 
of FIG. 3 is executed to generate a group (a group is called as 
a "pair, hereinafter) of the read access addresses. 

For example, since the read 1 access address 7 and the read 
2 access address 8 are processed at the same time in the loop 
ID2, they become a pair. 

Then, the processing part 3 defines as a reference read 
access address, a read access address having an address value 
identical to an address value of a write access address whose 
timing of use is later between two read access addresses of the 
pair, for each pair of the read access addresses. And, the 
processing part 3 defines as a reference read access address, 
the write access address having the identical address value to 
the reference read access address. 

Further, the processing part 3 changes the order of using the 
read access addresses by a unit of a pair of the read access 
addresses so that the order of using the reference read access 
addresses should be matched with the order of using the 
reference write access addresses. 

In the example of FIG. 7, (0,15), (1,14), (2,13), (3,12), 
(4.11), (5,10), (6.9), (7.8) of the read access addresses are 
made pairs. 

Further, the read access addresses of (15, 14, 13, 12, 11, 10, 
9, 8) become reference read access addresses. 

In addition, the write access address having the same 
address value with the reference read access address become 
a reference write access address. 

Then, the processing part 3 changes the order of using the 
read access address by a unit of a pair of the read access 
addresses so that the order of using the reference read access 
addresses should be matched with the order of using the 
reference write access addresses of (8, 9, 10, 11, 12,13,14, 
15). 
As a result, the order of the read access addresses is 

changed to the order of (7.8), (6.9), (5,10), (4.11), (3,12), 
(2,13), (1,14), and (0.15) as shown in FIG. 10. 
The following shows a concept of the algorithm of chang 

ing the order of the read access addresses. 
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10 
Since the order of using the write access address is fixed, 

the process which can be implemented first in the loop ID2 is 
the read access address 7 and the read access address 8 which 
can be processed directly after processing the write access 
address 7 and the write access address 8. 

Therefore, a pair of the read access address 7 and the read 
access address 8 is assumed to be the first target of the read 
aCCCSS, 

In this case, it is possible to access the read access address 
7 at the time of cycle 8 when the write access address 7 is 
accessed, so that the access delay of the read access address 7 
is 8. 

Further, it is possible to access the read access address 8 at 
the time of cycle 9 when the write access address 8 is 
accessed, so that the access delay of the read access address 8 
is 9. 
As a result of this, the access delay of the pair of the read 

access address 7 and the read access address 8 is 9. 
Namely, at the time of the 9" cycle, since both values of the 

read access address 7 and the read access address 8 are avail 
able, out 7-dat7+dat 15-7 in the loop ID2 can be 
executed. 

For the other pairs, since both data are not available, the 
processing cannot be started. 

In the next cycle, the write access address 9 is accessed, 
since the write access address 6 is already done in the cycle 7. 
at the time of cycle 10, the read access address 6 and the read 
access address 9 become able to be operated. 

In this way, the order of processing the read access 
addresses is changed, so that the operation is processed 
sequentially from the process which becomes able to be oper 
ated. 
When the order of the read access addresses is changed to 

the order shown in FIG. 10, the sentence of out 0-datO+ 
dat 15-0 using the read access address 0 and the read access 
address 15, which is the final pair, can be implemented in the 
16' cycle. 

Therefore, the processing time can be largely reduced com 
pared with 23 (FIG. 7) which is the cycle number of the case 
when the behavior description code of FIG.3 is made a target 
of the high level synthesis without any change. 

Further, in case of the order of FIG. 10, since the read from 
the read access addresses 8 to 15 is done directly after the 
write to the write access addresses 8 to 15, no buffer is 
necessary for the read access addresses 8 to 15, and eight 
buffers are required for the read access addresses 0 to 7 (this 
minimizes the number of buffers). 

Therefore, it is possible to largely reduce the number of 
buffers compared with 16 which is the number of buffers 
which are required when the behavior description code of 
FIG.3 is made a target of the high level synthesis without any 
change. 

In this way, the order of the read access addresses is 
changed and the delay cost becomes Small, the delay of the 
data output from the loop ID2 becomes Small, and as a result, 
low latency processing can be implemented. 

Namely, when the method of the present embodiment is not 
applied, N registers or memories whose numberis identical to 
the number of pieces of data are necessary; however, the order 
of access is changed according to the present embodiment, 
thereby reducing the number of buffers to a half. 

Further, when the method of the present embodiment is not 
applied, the processing of the loop ID2 can be started after the 
16" cycle. The order of access is changed according to the 
present embodiment, so that the processing of the loop ID2 
can be started after the 8” cycle, thereby implementing the 
low latency processing. 
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The capacity of buffer is reduced to a half, and further, the 
calculation of the loop 2 can be started while the calculation 
of the loop 1 is carried out, and thereby high-speed processing 
can be done. 

FIG. 13 shows a block diagram of Access Case 4 and its 
performance. 
As shown in FIG. 13, the size of the intermediate buffer is 

small when compared with FIG. 11, and the processing of the 
second loop (expressed as B1 in FIG. 13) can start without 
waiting for the processing of the first loop (expressed as A1 in 
FIG. 13) to end, so that the processing can be done in a 
high-speed. 
AS has been explained above, in either case of Access Case 

2 or Access Case 4, the order of the write access or the read 
access is derived, which enables the number of buffers which 
will be generated by the high level synthesis to decrease, 
compared with the case in which the behavior description 
code is used directly for the high level synthesis. The order of 
using the write access addresses or the read access addresses 
is changed according to the derived order of the write access 
or the read access. 

Then, finally the processing part 3 generates the code in 
which the order of accesses is changed, and the code in which 
the order of accesses is changed is stored in the file storage 
part 5 (at step ST7: GENERATE CODE). 

The changed description part is determined by the number 
of lines described in the loop table (FIG. 6). 

Here, the generation of code is done by developing the loop 
based on the access delay table (FIG.9 or FIG. 10) so that the 
access should be done in the updated order of accesses. 

Namely, the processing part 3 rewrites the description of 
the first loop sentence of FIG.8 to the description in which the 
write access should be done in the order of the changed write 
access of FIG. 9. 

Further, the processing part 3 rewrites the description of the 
second loop sentence of FIG.3 to the description in which the 
read access should be done in the order of changed read 
access addresses of FIG. 10. 

Here, instead of rewriting the behavior description code by 
the processing part 3, the processing part 3 can output infor 
mation (example of information of order of using the write 
access addresses) showing the contents of the changed write 
access of FIG. 9 to the high level synthesizing device 2 (an 
example of a code rewriting device), and the high level Syn 
thesizing device 2 can rewrite the first loop of the code of FIG. 
8 to the description in which the write access is done in the 
order of changed write accesses of FIG. 9. 

Similarly, the processing part 3 can output information 
(example of information of order of using the read access 
addresses) showing the contents of the changed read access 
addresses of FIG. 10 to the high level synthesizing device 2 
(an example of the code rewriting device), and the high level 
synthesizing device 2 can rewrite the second loop of the code 
of FIG.3 to the description in which the read access is done in 
the order of changed read access addresses of FIG. 10. 
As discussed above, the present embodiment has been 

explained the semiconductor design Support device. 
The semiconductor design Support device includes the pro 

cessing part inputting the behavior description which 
describes the behavior of the design circuit which is a target of 
the high level synthesis, extracting the dependency relation 
ship between a plurality of array variables from the inputted 
behavior description, and generating a code by which the 
order of write access or read access to the array is changed so 
as to reduce the number of memories or registers implement 
ing the array or to decrease the delay. 
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12 
At the final section, an example of the hardware configu 

ration of the semiconductor design support device 1 will be 
explained by referring to FIG. 14. 
The semiconductor design support device 1 is a computer, 

and each element of the semiconductor design Support device 
1 is implemented by executing processes by programs. 
As for the hardware configuration of the semiconductor 

design support device 1, an operation device 901, an external 
memory 902, a main memory 903, a communication device 
904, and an input/output device 905 are connected to buses. 
The operation device 901 is a CPU (Central Processing 

Unit) which executes programs. 
The external memory 902 is, for example, a ROM (Read 

Only Memory), a flash memory, and a hard disk drive. 
The main memory 903 is a RAM (Random Access 

Memory). 
The communication device 904 carries out communication 

with the high level synthesizing device 2 and other devices. 
The input/output device 905 is, for example, a mouse, a 

keyboard, a display device. 
The programs are usually stored in the external memory 

902, in a status of being loaded to the main memory 903, read 
sequentially and executed by the operation device 901. 
The programs are to implement a function which has been 

explained as “the processing part 3 shown in FIG. 1. 
Further, the external memory 902 also stores an operating 

system (OS), at least a part of the OS is loaded to the main 
memory 903, while executing the OS, the operation device 
901 executes the programs to implement the function of “the 
processing part 3. 

Further, information, data, signal values, variables show 
ing the result of “determination of , "extraction of , 

”, “derivation of ”, “analysis of . 
”, “selection 

"calculation of , 
”, “set of ”, “registration of . 

99 &g 
“detection of , 
of ”, “generation of , "input of , "output of and so 
on are stored in the main memory 903 as files. 

Further, an encryption/decryption key, a random number, 
or a parameter can be stored in the main memory 903 as files. 

Here, the configuration of FIG. 14 shows merely an 
example of the hardware configuration; the hardware con 
figuration of the semiconductor design Support device 1 is not 
limited to the configuration shown in FIG. 14, but can be 
another configuration. 

Further, the high level synthesizing device 2 of the present 
embodiment can also be configured like the hardware con 
figuration of FIG. 14, but can be another configuration. 

Further, a method of Supporting the circuit design related to 
the present invention can be implemented according to the 
procedure which has been shown in the present embodiment. 

REFERENCE SIGNS LIST 

1: semiconductor design Support device; 2: high level syn 
thesis device; 3: processing part; 4: table storage part; 
and 5: file storage part. 

Numerous additional modifications and variations are pos 
sible in light of the above teachings. It is therefore to be 
understood that, within the scope of the appended claims, the 
disclosure of this patent specification may be practiced oth 
erwise than as specifically described herein. 
The invention claimed is: 
1. A circuit design Support device comprising: 
a code inputting unit that inputs a behavior description 

code which describe behavior of a circuit which is a 
target of high level synthesis using a write access array 
identifying a plurality of write access addresses to be 
accessed to write to a memory array in the circuit and a 
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read access array identifying a plurality of read access 
addresses to be accessed to read from a memory array in 
the circuit; 

an access order determining unit that analyzes the behavior 
description code, and determines an order of using write 
access addresses in the plurality of write access 
addresses when the behavior description code is 
executed and an order of using read access addresses in 
the plurality of read access addresses when the behavior 
description code is executed; and 

an access order changing unit that performs either one of a 
write access order changing process to change the order 
of using the write access addresses to write to the 
memory array in the circuit when the behavior descrip 
tion code is executed based on the order of using the read 
access addresses determined by the access order deter 
mining unit, and a read access order changing process to 
change the order of using the read access addresses to 
read from the memory array in the circuit when the 
behavior description code is executed based on the order 
of using the write access addresses determined by the 
access order determining unit, 

wherein the high level synthesis generates buffers based on 
timings of use of a write access address and a read access 
address having common address values, and the access 
order changing unit derives an order of using the write 
access addresses or the read access addresses by which a 
number of the buffers generated by the high level syn 
thesis is decreased. 

2. The circuit design Support device according to claim 1, 
wherein the access order changing unit: 
determines whether or not the behavior of the circuit which 

is the target for high level synthesis is changed if the 
order of using the write access addresses is changed, and 
whether or not the behavior of the circuit which is the 
target for high level synthesis is changed if the order of 
using the read access addresses is changed, and 

based on the determined result, performs either one of the 
write access order changing process and the read access 
order changing process. 

3. The circuit design Support device according to claim 2, 
wherein the access order changing unit performs: 
the write access order changing process when the behavior 

of the circuit which is the target of high level synthesis is 
changed if the order of using the read access addresses is 
changed, while the behavior of the circuit which is the 
target for high level synthesis is not changed if the order 
of using the write access addresses is changed, 

the read access order changing process when the behavior 
of the circuit which is the target for high level synthesis 
is changed if the order of using the write access address 
is changed, while the behavior of the circuit which is the 
target for high level synthesis is not changed if the order 
of using the read access address is changed, and 

either one of the write access changing process and the read 
access changing process when the behavior of the circuit 
which is the target of high level synthesis is not changed 
even if any one of the order of using the write access 
addresses or the order of using the read access addresses 
is changed. 

4. The circuit design Support device according to claim 1, 
wherein the high level synthesis generates a buffer to 

absorb a difference between timings of use of a write 
access address and a read access address in a pair, if there 
is a difference between timings of use of the write access 
address and the read access address in a pair, for each of 
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14 
pairs of the write access address and the read access 
address having common address values, 

wherein the access order changing unit, 
in the write access order changing process, derives an order 

of using the write access addresses by which the number 
of buffers generated by the high level synthesis 
decreases compared with a case the behavior description 
code inputted by the code inputting unit is directly used 
for the high level synthesis, and changes the order of 
using the write access addresses in accordance with the 
order derived, and 

in the read access order changing process, derives an order 
of using the read access addresses by which the number 
of buffers generated by the high level synthesis 
decreases compared with the case the behavior descrip 
tion code inputted by the code inputting unit is directly 
used for the high level synthesis, and changes the order 
of using the read access address in accordance with the 
order derived. 

5. The circuit design Support device according to claim 4. 
wherein the access order changing unit, 
in the write access order changing process, without chang 

ing the order of using the read access addresses deter 
mined by the access order determining unit, derives an 
order of using the write access addresses by which the 
number of buffers generated by the high level synthesis 
decreases, and 

in the read access order changing process, without chang 
ing the order of using the write access addresses deter 
mined by the access order determining unit, derives the 
order of using the read access addresses by which the 
number of buffers generated by the high level synthesis 
decreases. 

6. The circuit design Support device according to claim 4. 
wherein the access order changing unit, 
in the write access order changing process, derives an order 

of using the write access addresses by which the number 
of buffers generated by the high level synthesis is mini 
mized, and 

in the read access order changing process, derives an order 
of using the read access addresses by which the number 
of buffers generated by the high level synthesis is mini 
mized. 

7. The circuit design Support device according to claim 1, 
wherein the access order changing unit, 
in the write access order changing process, changes the 

order of using the write access addresses so as to be 
matched with the order of using the read access 
addresses determined by the access order determining 
unit. 

8. The circuit design Support device according to claim 1, 
wherein the access order changing unit, 
in the read access order changing process, groups two or 
more read access addresses which are used with Syn 
chronization when the behavior description code is 
executed, 

for each group of the read access addresses, among the two 
or more read access addresses in a group, defines as a 
reference read access address, a read access address 
having an address value identical to an address value of 
a write access address whose timing of use is the latest, 
and also defines as a reference write access address, the 
write access address having the address value identical 
to the address value of the reference read access address, 
and 

changes the order of using the read access addresses by a 
unit of group of the read access addresses so that an order 
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of using the reference read access addresses should be 
matched with an order of using the reference write 
access addresses. 

9. The circuit design support device according to claim 1, 
wherein the access order determining unit extracts a plu 

rality of loop sentences from the behavior description 
code, extracts a write access array and a read access 
array having a common array name, pairs the write 
access array and the read access array having the com 
mon array name, for each pair of the write access array 
and the read access array, determines an order of using 
the write access addresses and an order of using the read 
access addresses, and 

wherein the access order changing unit, for each pair of the 
Write access array and the read access array, performs 
either one of the write access order changing process and 
the read access order changing process. 

10. The circuit design support device according to claim 1, 
wherein the access order changing unit, 
in the Write access order changing process, changes the 

order of using the write access addresses by rewriting the 
behavior description code, and 

in the read access order changing process, changes the 
order of using the read access addresses by rewriting the 
behavior description code. 

11. The circuit design support device according to claim 1, 
wherein the access order changing unit, 
in the write access order changing process, outputs infor 

mation of order of using the write access addresses 
showing the changed order of using the write access 
addresses to a code rewriting device which rewrites the 
behavior description code, makes the code rewriting 
device rewrite the behavior description code along the 
order of using the write access addresses shown by the 
information of order of using the write access addresses 
to change the order of using the write access addresses, 
and 

in the read access order changing process, outputs infor 
mation of order of using the read access addresses show 
ing the changed order of using the read access addresses 
to the code rewriting device which rewrites the behavior 
description code, makes the code rewriting device 
rewrite the behavior description code along the order of 
using the read access addresses shown by the informa 
tion of order of using the read access addresses to change 
the order of using the read access addresses. 

12. A method for supporting a circuit design comprising: 
by a computer, inputting a behavior description code which 

describes behavior of a circuit which is a target of high 
level synthesis using a write access array identifying a 
plurality of write access addresses to be accessed to 
Write to a memory array in the circuit and a read access 
array identifying a plurality of read access addresses to 
be accessed to read from a memory array in the circuit; 

by the computer, analyzing the behavior description code, 
and determining an order of using write access addresses 
in the plurality of write access addresses when the 
behavior description code is executed and an order of 
using read access addresses in the plurality of read 
access addresses when the behavior description code is 
executed; and 

by the computer, performing either one of a write access 
order changing process to change the order of using the 
Write access addresses to write to the memory array in 
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16 
the circuit when the behavior description code is 
executed based on the order of using the read access 
addresses determined, and a read access order changing 
process to change the order of using the read access 
addresses to read from the memory array in the circuit 
when the behavior description code is executed based on 
the order of using the write access addresses determined, 

wherein the high level synthesis generates buffers based on 
timings of use of a write access address and a read access 
address having common address values, and the write 
access order changing process or the read access order 
changing process derives an order of using the write 
access addresses or the read access addresses, respec 
tively, by which a number of the buffers generated by the 
high level synthesis is decreased. 

13. A nontransitory computer readable medium storing a 
program causing a computer to execute the circuit design 
Support method of claim 12. 

14. A circuit design support device comprising: 
a code inputting unit that inputs a behavior description 

code which describe behavior of a circuit which is a 
target of high level synthesis using a write access array to 
be accessed to write and a read access array to be 
accessed to read; 

an access order determining unit that analyzes the behavior 
description code, and determines an order of using each 
Write access address when the behavior description code 
is executed and an order of using each read access 
address when the behavior description code is executed; 
and 

an access order changing unit that performs either one of a 
Write access order changing process to change the order 
of using the write access addresses when the behavior 
description code is executed based on the order of using 
the read access addresses determined by the access order 
determining unit, and a read access order changing pro 
cess to change the order of using the read access 
addresses when the behavior description code is 
executed based on the order of using the write access 
addresses determined by the access order determining 
unit, 

wherein the access order changing unit, 
in the write access order changing process, outputs 

information of order of using the write access 
addresses showing the changed order of using the 
Write access addresses to a code rewriting device 
which rewrites the behavior description code, makes 
the code rewriting device rewrite the behavior 
description code along the order of using the write 
access addresses shown by the information of order of 
using the write access addresses to change the order of 
using the write access addresses, and 

in the read access order changing process, outputs infor 
mation of order of using the read access addresses 
showing the changed order of using the read access 
addresses to the code rewriting device which rewrites 
the behavior description code, makes the code rewrit 
ing device rewrite the behavior description code along 
the order of using the read access addresses shown by 
the information of order of using the read access 
addresses to change the order of using the read access 
addresses. 


